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Immunofluorescence has  demonstrated that  antibody prepared  in  rabbits 
against acid-soluble collagen from rat, mouse, guinea pig, or chicken, injected 
into the circulation of the homologous species,  becomes fixed in the basement 
membranes of the renal glomeruli and tubules (1, 2). In vitro and in vivo experi- 
ments have indicated that the antibody is directed specifically toward collagen 
and that it exhibits species  specificity (1-3). These observations indicate that 
some form of collagen is present in the basement membranes even though most 
observers have not found collagen fibrils in normal mammalian renal glomeruli 
(4--10). The high proportion of hydroxyproline present on amino acid analysis of 
renal glomerular basement membranes of the dog (11,  12) and of man (13-15) 
also strongly suggests the presence of collagen. 
It therefore seemed desirable to extend our observations in animals to human 
renal glomeruli. The injection of collagen antibody into the circulation of the 
animals, a procedure not feasible in man, gave better defined and more intense 
fluorescence than the method in which frozen kidney sections were treated with 
the anticollagen serum (1).  We therefore attempted to approximate the injec- 
tion method by perfusing the  collagen antibody through the renal  artery of 
kidneys of human infants obtained at autopsy. This paper presents the results 
of immunofluorescence by this  method and shows  that  antibody to  human 
collagen becomes fixed to its antigen, collagen,  in the human renal glomerular 
and tubular basement membranes. 
Materials and Methods 
Purified acid-soluble  collagen  prepared from human skin, rat tail tendons, chicken  leg ten- 
dons, or carp swim bladder, and rabbit antisera to these collagens  were prepared by methods 
previously  reported (2, 3). The technique  of complement fixation  for determining  the titer of 
* This investigation was supported by The National Heart Institute, Research Grant 
H-01138 (C14), Public Health Service. 
595 596  FIXATION  OF PERFUSED  ANTIBODY TO HUMAN COLLAGEN 
the antisera to collagen has also been described (3). Antibody to human serum was prepared 
in rabbits by immunizing them with the serum from human cord blood incorporated in com- 
plete Freund adjuvant.  Cord blood was used because the kidneys had been obtained from 
infants. The titer of this antiserum was determined by the capillary tube precipitin method 
(16). All sera were heated to 56°C for 30 rain before use. 
The method whereby the anti-human collagen serum is absorbed with native human or carp 
collagen or group O, Rh-positive human erythrocytes has also been described (2). For absorp- 
tion with serum from human cord blood, lyophilized serum was used to avoid dilution. The 
lyophilized human serum remained in solution and was not removed after absorption, but all 
precipitate was removed by centrifugation at 40,000 rpm at 0°C for 90 min. 
Purified collagenase  A prepared from culture filtrates of Clostridium histolyticum was pro- 
vided through the courtesy of Dr. Sam Seiffer,  Department of Biochemistry, Albert Einstein 
College of Medicine, N.Y. The absence of nonspecific proteolytic activity was determined by 
treating Group A streptococcal M protein with the collagenase;  no serological reactivity of the 
M protein against its antibody was lost (3).  1 unit of collagenase activity is considered to be 
that amount which digests 1 mg of ichthyocol (17, 18). Lyophilized collagenase  was dissolved 
in veronal saline buffer (pH 7.2) so that 1 ml contained 400 units. This was kept at  --72°C 
for up to 2 wk. For perfusion, this solution was diluted with an equal volume of veronal buffer 
and then with 0.01 ~r CaC12 so that the final concentration  of Ca was 0.005 M and of the colla- 
genase, i00 units per ml. 
The commercially prepared hyaluronidase  1 was derived from bovine testes and  assayed 
approximately 300 USP units per rag.For each perfusion, from 1 to 5 mg of lyophilized hyalu- 
ronidase was dissolved in 2-5 ml of veronal saline buffer (pH 7.2) immediately before use. 
51 kidneys were obtained from 50 infants 2-72 hr after death; 18 infants were born dead, 
and 32 had died from various causes from 30 rain to 2 yr after birth. None of the kidneys ap- 
peared diseased on gross and microscopic examination. Except in one instance when both kid- 
neys were obtained, the right kidney was removed en bloc with the renal artery and the seg- 
ment of the aorta containing its ostium. The renal veins and ureter were cut close to the hilum. 
The kidneys were flushed with cold saline by rapid perfnsion by means ofa syringeand a 20-24 
gauge needle inserted from the aorta into the renal artery up to the point of its division. Per- 
fusion was continued until the fluid emerging from the renal veins was colorless. Distention of 
the renal capsule was avoided so far as possible. Normal rabbit serum or antiserum was then 
introduced by the same technique, but with less pressure, and then the renal vein was clamped. 
The kidney, hilum uppermost, was incubated at 37°C in a moist chamber for 2 hr. It was then 
flushed again with saline in volumes approximately 6-8 times the volume of serum perfused. 
Sagittal sections were made of the kidneys, and from the midportion of the cortex duplicate 
blocks were cut, each approximately 10 )<  5 )<  5 ram. One set of blocks was fixed in Zenker- 
formol solution for paraffin sections and stained by the periodic acid-Schiff reaction or by 
hematoxylin and eosin.  The other set was rapidly frozen in petroleum  ether and stored at 
-70°C. Sections were cut at 2-4/~ in a cryostat at --20°C. These sections were treated with 
fluorescein-conjugated anti-rabbit globulin prepared in  goats. The  procedure  used  for  pre- 
paring the frozen sections and examining and photographing them under ultraviolet light has 
been described in detail (1). At least 30 glomeruli  in each of three different sections from each 
kidney were examined. The blocking method of Coons and  Kaplan  (19) and heterologous 
conjugated globulin  were applied to adjacent sections as controls for the specificity of the 
fluorescence. An illustration of a control section using the blocking method is shown in Fig. 5. 
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EXPERIMENTAL  OBSERVATIONS 
Fixation of Antibody to Collagen in Human K/dney.--Rabbit sera containing 
antibody to  human collagen were perfused  through the  renal  arteries  of  10 
human infant kidneys (Table I). The volume of serum introduced varied from 
2 to 5 ml, and the complement-fixing titer of the serum ranged from 1:16 to 
1:128. The kidneys weighed from 5.7 to 24.0 g. Specific fixation of the antibody, 
as indicated by fluorescence in the basement membranes of the glomeruli and 
tubules, was found in all of the kidneys (Figs. 1-4). When the serum titer was 
below 1:32, fluorescence appeared to be slightly less intense. The flushing and 
perfusion removed most of the infant's blood from the kidney without causing 
significant distortion of the glomeruli or tubules, as shown in the paraffin sec- 
tions (Fig. 12). The fluorescence was consistently found to be as intense and well 
defined as that seen when homologous collagen antibody is introduced into the 
circulation of living animals. 
To determine whether cross-reactions with antibodies to chicken, rat, or carp 
collagen would occur in human kidney, these antisera were each perfused into 
two or three kidneys. Table I  shows that slight cross-reactions occurred with 
antibody to chicken and rat collagen, but not with that to carp collagen (Fig. 
6).  A similar cross-reaction had been found with complement-fixation tests of 
human collagen against  antibody to  chicken collagen and of chicken or rat 
collagen against antibody to human collagen (2).  Cross-reactions had occurred 
also by immunofluorescence when antibody to human collagen was injected into 
rats and chickens (2). Two kidneys perfused with normal rabbit serum showed 
no fluorescence. 
A  collagen-like protein has been described in human plasma  (20)  and has 
been found by immunoelectrophoresis to react with antibody to soluble human 
skin collagen (21). It seemed possible that the immunofluorescence we observed 
in the glomeruli and tubules after perfusion with serum containing antibody to 
human collagen might be due to a  reaction with this collagen-like protein in 
traces of blood left in the kidney, rather than with collagen as an integral part of 
the glomerulus. To test this possibility rabbit serum containing antibody in high 
titer to serum from human cord blood was perfused through seven infant kid- 
neys. As Table I  shows, no fluorescence was evident except for a  very weak 
reaction in one, involving only a few glomeruli. In this instance it could not be 
determined whether this isolated reaction was with collagen or with serum not 
completely washed out from the kidney. 
This experiment and its controls demonstrate that antibody to  human col- 
lagen reacted  with an  antigen in  the  basement membranes  of human renal 
glomeruli and tubules. 
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--To  confirm  the  immunologic  specificity  of  the  fixation  of  the  antibody  to 
human  collagen,  the rabbit  serum containing  this antibody was  absorbed  with 
native  homologous  human  or heterologous  carp  collagen before each  of  these 
antisera was perfused through two human  kidneys.  Before absorption  the anti- 
TABLE I 
Immunofluorescent Reactions in Human Kidney Perfusod ~ith Rabbit Antibody to Collagen  or 
to Serum from Human Cord Blood or with Normal Rabbit Serum 
Patient 
Aye 
RodA 
GonF 
Rodi 
Vel 
Mis 
Gar 
Coe 
BruA 
BruB 
Sac 
All 
Mars 
Sch 
Hos 
RodB 
Ers 
Mit 
Goo 
Bor 
Arm 
CasA 
CasB 
Pri 
Roc 
Del 
Rabbit serum 
_pecitlc 
fluores  Antibody 
Type  tit~r" 
Anti-human collagen 
ll  ~g  ig 
Anti-cblcken collagen 
Anti-rat collagen 
Anti-carp collagen 
Antl-human cord blood serum 
Normal rabbit serum 
1:16  + 
1:32  ++ 
1:32  +7 
1:32  ++ 
1:64  ++ 
1:64  ++ 
1:64  ++ 
1:64  ++ 
1:128  !  ++ 
1:128  ]  ++ 
l 
1:128  + 
1:128  + 
1:128 
1:256  q 
1:128 
1:256 
1:256  i 
1:1024 
1:1024 
1:1024 
1:1024 
1:1024[ 
1:1024 
1:1024 
* Anti-human  serum  titers were determined  by a  capillary tube precipitin  test  and  all 
other titers by complement fixation. 
:~ Intensity  and  extent  of fluorescence in renal glomerular and  tubular  basement  mem- 
branes is indicated on a ++++  to ±  scale; -- indicates no  specific fluorescence. SIDNEY  ROTHBARD  AND  ROBERT  F.  WATSON  599 
serum used had a complement fixation titer of 1:64 and gave a strong immuno- 
fuorescent reaction,  as  shown in  Table  I.  Absorption  with  the homologous 
human collagen removed all antibody detectable by complement fixation, and 
this absorbed serum showed no fluorescence in the kidneys. Absorption with 
carp collagen, however, did not lower the complement fixation titer, and this 
serum gave a strong immunofluorescent reaction (Table II, Fig. 7). These re- 
suits confirm the specificity of the reaction of the antibody to human collagen 
with its antigen in the renal glomerular and tubular basement membranes in the 
human kidney. 
If the collagen-like protein reported to be present in human serum is also 
present in human cord blood, absorption of the anticollagen serum with the 
serum from cord blood should remove or, at least, reduce the antibody to col- 
lagen and thereby inhibit completely or partially the immunofluorescent reac- 
tion between the antibody and the collagen in the kidney. We therefore made 
additional absorption studies in which rabbit anti-human collagen serum was 
absorbed with lyophilized serum from human cord blood and per/used through 
three kidneys. The complement fixation titer was unchanged by the absorption, 
and the fluorescence was as intense as with the unabsorbed antiserum (Table 
II, Fig. 8).  This finding indicates either that the collagen-like protein was not 
present in the cord blood or that it did not absorb our antibody to human col- 
lagen. 
A  common antigen has been reported in human erythrocytes of all blood 
groups and human renal glomeruii (22). To be certain that the immunofluores- 
cence was not due to this antigen the rabbit anti-human collagen serum was 
absorbed  with  human  erythrocytes,  type  O,  Rh-positive,  before  perfusion 
through two kidneys. No alteration of complement fixation titer or of fluores- 
cence was evident (Table II, Fig. 9). 
Perfusion  with  Collagenase or Hyaluronidase  before Antibody  to  Collagen.- 
Several workers (12, 14, 15, 23) have recently reported that both collagen-like 
protein and carbohydrate are components of renal glomeruiar basement mem- 
branes. It seemed desirable to determine what effect collagenase or hyaluroni- 
dase would have on the antigen in these basement membranes with which our 
antibody reacts. 
Mter initial flushing with saline, nine kidneys were per/used with from 100 to 
400 units of collagenase.  With the renal vein damped, they were incubated at 
37°C for 2 hr. Longer incubation caused disintegration of the kidney structure. 
The kidneys were then flushed with cold saline and perfused with rabbit anti- 
human collagen serum as in the earlier experiments. In eight of the kidneys no 
specific fluorescence was seen (Fig. 10); in one, a few weakly fluorescent areas 
were present in some of the glomeruii. One kidney peffused with heat-inacti- 
vated collagenase showed intense fluorescence (Table III). 
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periodic acid-Schiff reaction showed that after collagenase treatment  the base- 
ment membranes  were altered  in varying degrees.  Some appeared  thickened, 
others  were  split  or  fragmented,  and  some  were  unrecognizable.  When  the 
basement  membranes  were  not  too  severely  altered,  positive  periodic  acid- 
Schiff staining was present  (Figs. 14,  15). 
Bovine  testicular  hyaluronidase  was  selected  because  it  digests  mucopoly- 
saccharides which, like collagen, are important constituents of connective tissue. 
TABLE II 
Immunofiuorescent  Reactions  in  Human  Kidneys  Perfu,~al  with Anti-Human  Collagen Sera 
Absorbed with Various A ntigens 
Patient  Kidney  weight 
g 
Zis  22.0 
Cly  12.0 
Ran  7.0 
Gen  11.0 
Dou  15.0 
DraA  6.0 
DraB  7.0 
Kop  12.0 
Marc  10.0 
Volume 
per/used 
ml 
4.0 
4.0 
2.0 
2.0 
3.0 
1.5 
2.0 
3.5 
3.5 
Rabbit anti-human  collagen serum 
Absorbed with: 
Human collagen 
Carp collagen 
Human cord blood serum 
Human erythrocytes§ 
Titer after [ 
absorp-  [ 
tion"  I 
0 
0 
1:64 
1:64 
1:64 
1:128 
1:128 
1:64 
1:64 
Specific 
fluorescence~ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
* The complement fixation titer of the antiserum absorbed with human collagen was 1: 64 
before absorption;  the titers of the other antisera were unchanged by absorption. 
Intensity and extent  of fluorescence in kidneys is indicated  on a -[-+++ to ±  scale; 
-- indicates no specific fluorescence. 
§ Type O, Rh-positive. 
Six kidneys were flushed with saline and perfused with 300-1500 units of hyal- 
uronidase; four were incubated for 2 hr and two for 6 hr; they were then flushed 
again with cold saline.  Subsequent treatment with anti-human collagen serum 
was the same as in the earlier experiments.  The antibody fixation in these kid- 
neys was unaltered by the enzyme treatement; the basement membranes of the 
glomeruli and tubules showed intense fluorescence (Table III, Fig. 11). In paraffin 
sections  from  the  hyaluronidase-treated  kidneys,  the  basement  membranes 
appeared  normal  after  hematoxylin  and  eosin  staining.  After  periodic  acid- 
Schiff staining, however, the membranes gave a much weaker reaction than in 
kidneys without hyaluronidase treatment  (Fig. 13). SIDNEY  ROTHBARD  AND  ROBERT  F.  WATSON  601 
These experiments indicate that hyaluronidase did not alter the antigen in 
the kidney with which the antibody to human  collagen  reacts.  Collagenase, 
however, apparently so altered this antigen that it no longer reacted with the 
antibody. 
TABLE  III 
Effect  of  Enzyme  Treatment  on  Immunofluorescent  Reactions  in  Human  Kidney  Perfus~ 
with Rabbit Anti-Human Collagen Serum 
Patient 
Hig 
Erw 
Kir 1 
Zan 
Ber 
Rya 
Bro 
Palm 
Rit 
Kir 2 
Fil 
Ole 
McN 
Ana 
Gon 
Pale 
Kidney 
weight 
g 
7.5 
9.0 
12.0 
8.0 
15.0 
20.0 
19.0 
14.0 
13.0 
11.0 
Preliminary enzyme perfusion 
8.5 
8.5 
19.0 
9.0 
8.0 
19.0 
Type  Units 
Rabbit anti-human 
collagen serum 
Volume  Comple- 
perfused  ment fixa- 
tion  titer 
Specific 
fluorescence* 
m/ 
Collagenase  100  2.0  1:128  - 
"  200  4.0  1:32  - 
"  200  2.0  1:64  4- 
"  200  2.0  1:64  - 
"  400  4.0  1:64  - 
"  400  9.0  1:64  -- 
"  400  4.0  1:64  -- 
"  400  4.0  1:64  -- 
"  400  4.0  1:128  -- 
Heat-inactivated  200  2.0  1 : 64  +  -4- -4- + 
collagenase 
Hyaluronidase  300  3.0  1 : 64  q-'4--I- + 
"  300  3.0  1:64  ++++ 
"  1200  4.0  1:64  A--b++ 
"  1200  4.0  1:64  ++A-q- 
"  1200  4.0  1:64  ++++ 
"  1500  4.5  1:32  ++++ 
* Intensity and extent of fluorescence in kidneys is indicated on a  q-+++  to  4-  scale; 
--  indicates no specific fluorescence. 
DISCUSSION 
The immunofluorescence  found in the human kidneys after perfusion with 
antibody to human  collagen  indicates  the occurrence  of an antigen-antibody 
reaction  like  that  previously observed in  renal  basement membranes  of rat, 
mouse, guinea pig, and chicken  after injection of antibody to homologous  col- 
lagen (2). The method of perfusion used in the human kidneys was found to give 
as consistent, reproducible,  and well-defined results as the injection of the anti- 
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The specificity of this reaction was shown by the absence of fluorescence after 
per/usion with antibody to heterologous carp collagen or with normal rabbit 
serum. Moreover, fluorescence was also absent when the antiserum had been 
absorbed with human collagen but was present after absorption with carp col- 
lagen. The slight cross-reactions in human kidneys perfused with antibody to 
rat  or  chicken collagens are  consistent  with  the  species  specificity found in 
studies of animal collagen (2). 
Keiser, LeRoy, Udenfriend, and Sjoerdsma (20) have found in human plasma 
a  protein which contains hydroxyproline and is presumed to be collagen or a 
precursor.  By immunoelectrophoresis, Frey and his coworkers (21)  have also 
found a collagen-like antigen containing hydroxyproline in  the a2-/~-protein of 
human serum. Tan and Kaplan (24) have reported that antibody to a B-globulin 
component of mouse serum became fixed to mouse renal glomerular and tubular 
basement membranes.  To  rule  out  the  possibility that  such  serum proteins 
might  enter  into  our  immunofluorescent reaction,  high  titered  antibody to 
serum from human cord blood was per/used through the human kidneys. No 
significant fluorescence appeared. In addition, anti-human collagen serum was 
absorbed with lyophilized serum from human cord blood without effect on the 
collagen antibody. Thus it does not seem that a collagen-like protein in human 
blood participates in the immunofluorescent reactions in these human kidneys. 
Absorption  of anti-human  collagen serum  with  human  erythrocytes neither 
lowered  the  complement-fixing titer  nor  decreased  the  immunofluorescence. 
Therefore, an antigen common to human erythrocytes and renal glomeruli de- 
scribed by Markowitz (22) also appears to play no role in these reactions. 
The use of enzymes provided another approach for investigating the speci- 
ficity of the antigen with which the antibody to human collagen reacted. Puri- 
fied collagenase, free of nonspecific proteolytic activity, is known to act only on 
collagen or gelatin. The absence of nonspecific proteolysis was verified by a 
sensitive immunologic method. Testicular hyaluronidase acts on the mucopoly- 
saccharides, hyaluronic acid and chondroitin sulfate A and C, but not on colla- 
gen (25). The absence of immunofluorescence after collagenase treatment of the 
kidneys, but  not  after hyaluronidase, provides  additional evidence that  the 
antibody to human collagen reacts specifically with collagen in the infant renal 
basement membranes. 
Accumulating chemical studies show that renal glomerular basement mem- 
branes of rat, dog, and man contain protein which appears to be collagen (12, 14, 
15,  23).  Lazarow and Speidel (15)  have shown by electron microscopy that, 
although human glomerular basement membrane fractions are homogeneous 
without the fibrils with the characteristics of collagen, collagenase disaggregated 
this membranous structure. Their chemical studies have shown that the major 
protein constituent of these basement membranes is a protein which contains 
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but not by hyaluronidase. Hayward (26) also has reported that collagenase re- 
moves the red staining collagenous material from between tubules and in the 
parietal layer of Bowman's capsule in human renal sections stained by van 
Gieson's method and only slightly affects the material stained by the periodic 
acid-Schiff reaction. 
Studies of renal basement membranes by various methods and from different 
points of view, thus seem to be developing a general pattern to show that these 
membranes are  complex structures containing collagen.  The findings in  this 
report conform to this pattern, confirm our earlier studies in animals, and show 
by immunofluorescence that human glomerular basement membranes  contain 
an antigen, collagen, which reacts with the antibody to human collagen. 
SUMMARY AND  CONCLUSIONS 
Rabbit serum containing antibody to human collagen, perfused through hu- 
man infant kidneys obtained at autopsy, gives an immunofluorescent reaction 
with an antigen in the basement membranes of the glomeruli and the tubules. 
This reaction was shown to be specific by the absence of reaction with normal 
rabbit serum, antibody to carp collagen, or anti-human collagen serum absorbed 
with human collagen. Slight cross-reactions were found in the human kidneys 
with antibody to chicken or rat collagen. 
There was no evidence that a  collagen-like protein in human serum or an 
antigen common to human erythrocytes and renal glomeruli enters into this 
immunofluorescent reaction. 
Perfusion of the kidneys with purified collagenase before the introduction of 
the antibody to human collagen altered the antigen so that antibody could not 
be demonstrated in the basement membranes by immunofluorescence. Testicu- 
lar hyaluronidase used in the same way did not affect the immunofluorescent 
reaction. 
This method of perfusion provides another means for studying antigens in 
human organs by immunofluorescence. 
These observations in human kidneys extend our earlier findings in laboratory 
animals and indicate that an antigen, collagen, is also present in human renal 
glomerular and tubular basement membranes. 
It is a pleasure to thank Dr. A. W. Branwood for permission to obtain the autopsy specimens, 
and Mrs. Doris K. Fok, Mrs. Lydia G.  Nemes, and Mr. George Frederick Walker for their 
able technical assistance. 
BIBLIOGRAPHY 
1.  Rothbard, S., and R. F. Watson. 1961. Antigenicity of rat collagen. Demonstration 
of antibody to rat collagen in the renal glomeruli of rats by fluorescence mi- 
croscopy. J. Exptl. Med. 113:1041. 
2.  Rothbard, S.,  and R.  F. Watson.  1965. Immunologic relations  among  various 
animal collagens. J. Exptl. Med. 122:441. 604  FIXATION OF PERFUSED  ANTIBODY  TO H~AN  COLLAGEN 
3.  Watson, R. F., S. Rothbard, and  P. Vanamee.  1954. The antigenicity of rat col- 
lagen. J. Exptl. Med. 99:535. 
4.  Rinehart, J. F., M.  G. Farquhar, H.  C.  Jung,  and S.  K.  Abul-Haj.  1953. The 
normal glomerulus  and its basic reactions in disease. Am. J. Pathol.  29:21. 
5.  Yamada, E.  1955. The fine  structure of the renal glomerulus  in the mouse.  J. 
Biophys. Biochem.  Cytol. 1:551. 
6.  Pease,  D. C. 1955. Fine structures of the kidney seen by electron microscopy.  J. 
Histochem.  Cytochem. 3:295. 
7.  Mueller, C. B., A. D. Mason, Jr., and D. G. Stout. 1955. Anatomy of the glomeru- 
lus. Am. J. Med. 18:267. 
8.  Farquhar, M. G., R. L. Vernier, and R.  A.  Good.  1957. Studies  on  familial  ne- 
phrosis.  II. Glomerular changes  observed with the electron  microscope.  Am. 
J. Pathol. ~k~:791. 
9.  Pak Poy, R. K. F. 1958. Electron microscopy of the mammalian renal glomerulus. 
The problems of intercapillary tissue and  the capillary loop basement mem- 
brane. An,. J. Pathol. 34:885. 
i0.  Latta, H., A. B. Maunshach, and S. C. Madden.  1960. The centrolobular region 
of the  renal  glomerulus  studied  by electron microscopy.  J.  Ultrastruct.  Res. 
4:455. 
11.  Goodman, M., S. A. Greenspon, and C. A. Krakower. 1955. Antigenic composition 
of the various anatomic structures of the canine kidney. J. Immunol. 75:96. 
12.  Kefalides, N. A., and R. J. Winzler.  1966. The chemistry of glomerular basement 
membrane and its relation to collagen. Biochemistry.  5:702. 
13.  Bonting, S. L., H. DeBruin, and V. E. Pollak. 1961. Quantitative histochemistry 
of the nephron. VI. Hydroxyproline in the human glomerulus.  J. Clin.  Invest. 
40:177. 
14.  Markowitz, A. S., and C. F. Lange, Jr. 1964. Streptococcal  related glomerulone- 
phritis.  I.  Isolation,  immunochemistry  and  comparative chemistry of  solu- 
ble fractions from Type  12  nephritogenic  streptococci and  human glomeruli. 
Y. Immunol. 92:565. 
15.  Lazarow,  A., and E. Speidel.  1964. The chemical  composition  of the glomerular 
basement membrane and its relationship to the production of diabetic com- 
plications.  In  Small  Blood  Vessel Involvement in Diabetes Mellitus.  M.  D. 
Siperstein,  A.  R.  Colwell, Sr.,  and  K. Meyer, editors.  American Institute  of 
Biological Sciences, Washington, D. C. 127. 
16.  Swift, H. F., A. T. Wilson, and R. C. Lancefield. 1943. Typing Group A hemolytic 
streptococci by M  precipitin  reactions in  capillary pipettes.  J.  Exptl.  Med. 
78:127. 
17.  Gallop, P. M., S. Seiffer, and E. Meilman. 1957. Studies on collagen. I. The partial 
purification,  assay, and  mode of  activation of bacterial collagenase.  J.  Biol. 
Chem. 227:891. 
18.  Seifter, S., P. M. Gallop, L. Klein, and E. Meilman. 1959. Studies on collagen. II. 
Properties of purified collagenase and its inhibition.  J. Biol. Chem. 234:285. 
19.  Coons, A. H., and M. H. Kaplan. 1950. Improvements in a method for the detec- 
tion of antigen by means of fluorescent  antibody. J. Exptl. Med. 91:1. SIDNEY ROTHBARD AND ROBERT 1~'. WATSON  605 
20.  Keiser,  H., E.  C. LeRoy, S.  Udenfriend, and A. Sjoerdsma.  1963.  Collagen-like 
protein in human plasma. Science. 142:1678. 
21.  Frey, J., N. Hoa, J.  Gras, J.  C. Henry, and Y.  Gudefin.  1965. Immunoelectro- 
phoresis reveals collagen solubility in human serum. Science. 150:751. 
22.  Markowitz, A. S. 1962. Common antigen between human red cell and glomerulus. 
Nature. 108:487. 
23.  Huang, F., and N. Kalant.  1966. Antigenic components of glomerular basement 
membrane. Can. Med. Assoc. J. 04:666. 
24.  Tan, E. M., and M. H. Kaplan. 1963. Immunological relation of basement mem- 
brane and a  serum beta globulin in the mouse. Demonstration of renal base- 
ment membrane alteration in mice injected with streptolysin S. Immunology. 
6:331. 
25.  Stacey, M.,  and  S.  A. Barker.  1962. Carbohydrates of Living Tissues.  D.  Van 
Nostrand Company Ltd., London. 43. 
26.  Hayward, N. J. 1964. Collagenase maceration in renal micro-dissection. Preserva- 
tion of nuclear staining. Brit. J. Exptl. Pathol. 45:68. 606  FIXATION  OF  PERFUSED ANTIBODY TO  )~uMAN COLLAGEN 
EXPLANATION OF PLATES 
Sections are from human infant kidneys obtained at autopsy. The kidneys had been 
perfused with rabbit anticollagen serum. 
PLATE 72 
FIcs. 1-4. Glomeruli are from a kidney perfused with anti-human collagen serum. 
Frozen kidney sections were treated with fluorescein-conjngated antibody to rabbit 
globulin. Viewed under ultraviolet light, the specific fluorescence at the site of antigen- 
antibody reaction appears yellow-green to the eye, but white in the photographs, and 
outlines the basement membranes of the renal glomeruli and tubules. Exposure times 
were from 4 to 6 rain.  ×  325-330. 
FIG. 5. Glomerulus from the same kidney as in Fig. 1 illustrates a  "blocking" con- 
trol. The section was treated with unconjugated antibody to rabbit globulin before 
application of the same antibody conjugated with fluorescein isothiocyanate. Fixation 
of the fluorescent antibody was inhibited and only a faint trace of fluorescence is pres- 
ent. Exposure time was 30 rain.  ×  346. 
Fie.  6.  Glomerulus from  a  kidney perfused with  antibody to  heterologous carp 
collagen, with subsequent treatment  as described in  the legend of Figs.  1-4,  shows 
no fluorescence. Exposure time was 45 rain.  X  346. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  125  PLATE  72 
(Rothbard and Watson: Fixation of perfused antibody to human collagen) PLATE 73 
FIGS. 7-9. Glomeruli from kidneys perfused with rabbit serum containing antibody 
to human collagen which had been absorbed with various substances; the kidneys were 
then treated as described in the legend of Figs.  1-4. In Fig. 7, the antiserum had been 
absorbed with carp collagen; in Fig. 8, with lyophilized serum from human cord blood; 
and in Fig. 9, with type O, Rh-positive human erythrocytes. Fluorescence in each of 
these kidneys was as intense as when unabsorbed serum had been perfused. Exposure 
times were 5 or 6 rain. X  327-393. 
FIG. 10. Section is from a kidney perfused with collagenase  before  perfusion with 
the antibody to human collagen and subsequent treatment as described in the legend 
of Figs.  1-4. No specific fluorescence is present in the glomerular or tubular basement 
membranes, and the renal structure has been altered little. Exposure time was 20 rain. 
×  356. 
FIG. 11. Section is from a kidney treated as described in the legend of Fig. 10, except 
that hyaluronidase was used instead of collagenase.  The two glomeruli and the tubules 
show intense fluorescence.  Exposure time was 5 min. ×  422. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  125  PLATE  73 
(Rothbard and Watson: FLxation  of perfused antibody to human collagen) PLATE 74 
Fins.  12-15.  All sections in this plate  were  stained with the periodic acid-Schiff 
reaction. 
FIG. 12. A section from the  same  kidney as in Figs.  1-5  shows  normal renal  ar- 
chitecture with little or no blood remaining in the capillaries.  Basement membranes 
are clearly outlined.  ×  620. 
FIG. 13. Section from  the same hyaluronidase-perfused kidney as in Fig.  11  shows 
relatively normal glomerular architecture, but the basement membranes are indistinct. 
A few erythrocytes remain in the capillaries. ×  620. 
Fro.  14.  Section from  the  same  collagenase-treated  kidney  as  in  Fig.  10  shows 
marked distortion of the glomerular and tubular structure, but the altered basement 
membranes can still be recognized.  ×  620. 
FIG. 15. Another area from the same section as in Fig.  14 shows even greater  dis- 
tortion, with the basement membranes no longer recognizable. ×  810. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 125  PLATE  74 
(Rothbard and Watson: Fixation of perfused antibody to human collagen) 